Background Malnutrition is a common and critical problem that influences outcome in cancer patients. Body
INTRODUCTION
Globally, gastric cancer is one of the most commonly diagnosed cancers and a leading cause of cancer-related death 1 . In 2013 in China, it was estimated that 427,000 new cases of gastric cancer and 301,000 deaths from the disease occurred nationwide, accounting for half the global incidence and deaths 2 . The most effective therapy for potentially curable gastric cancer is surgical resection 3 . However, radical surgery is associated with high rates of complications and operative mortality, severely negatively affecting prognosis in these patients 4, 5 . Objective and precise prognostic assessments before radical gastrectomy are therefore critical so that physicians can predict postoperative clinical outcomes and guide the therapeutic protocol.
Malnutrition and weight loss are common problems in cancer patients 6, 7 , the pathophysiology of which consists of a mixture of reduced food intake and disturbance of the metabolic and inflammatory responses 8 . Those factors have been recognized to increase the risk for surgical complications 9 and to be associated with longer hospital stays, increased health care costs, lower quality of life, and shorter survival. Assessing the nutrition status of these patients before surgery and rendering the appropriate nutrition support is therefore important to optimize status, decrease complications, and improve clinical outcomes.
Identification of patients who are at nutritional risk and who have malnutrition is the first step in the nutrition care pathway. Commonly used tools for nutrition assessment such as body mass index (bmi) or Nutritional Risk Screening (nrs) 2002 are limited because of their inability to assess individual components of body weight such as regional fat distribution and muscle volume and composition. On the other hand, nutrition assessments based on body composition measurements (bcms) can reflect body shape and composition, metabolic profile, and physiologic reserve, which might affect the perioperative inflammatory response and nutrition metabolism and be a true determinant of prognosis 10 .
It has been reported that visceral obesity, rather than bmi, is an independent risk factor for recurrence of hepatocellular carcinoma in patients with non-viral disease 11 . Loss of muscle mass, called sarcopenia, has been found in 19%-74% of patients with solid tumours 12 , and it is an independent risk factor for complications and survival after surgical resection 13 . The mean muscle attenuation (ma), measured in mean Hounsfield units during routine computed tomography (ct) imaging, indicates muscle composition. Low ma, known as myosteatosis, indicates increased intramuscular lipid content that contributes to muscle weakness 14, 15 . Myosteatosis has previously been reported to be associated with postoperative mortality after hepatocellular carcinoma resection 16 .
Thus, in the present study, we explored the association of body composition assessed by preoperative ct with postoperative complications and markers of nutrition and inflammation in patients undergoing radical surgery for gastric cancer. We aimed to identify prognostic bcms that can predict short-term outcomes after gastrectomy and guide the therapeutic protocol.
METHODS

Patients and Data Collection
The study protocol was approved by the Ethics Committee of Jinling Hospital. All procedures involving human participants conformed to the ethics standards of the institutional or national research committee (or both) and the 1964 Helsinki Declaration and its later amendments. Written informed consent was obtained from all patients participating in the study.
The study included all consecutive patients with gastric cancer undergoing open radical gastrectomy at the Department of General Surgery at Jinling Hospital from September 2015 to March 2017. Inclusion criteria were age 18-80 years, histologically proven gastric adenocarcinoma before surgery, availability of digitally-stored ct imaging taken within 15 days before surgery, and no history of previous abdominal surgery. Patients with metastatic cancer and those undergoing laparoscopic-assisted surgery or combined organ resection were excluded. The operations were performed by a single group of specialized surgeons with extensive experience in radical resections for gastric cancer. All patients were managed according to the Japanese gastric cancer treatment guidelines (version 3, 2010) 17 .
The following data were collected by trained surgeons and maintained in a digital database: clinicopathologic features (age, sex, bmi, nrs 2002 score, presence of diabetes and other comorbidities, neoadjuvant chemotherapy, type of resection and reconstruction, histologic type, and TNM tumour stage); body composition variables and laboratory parameters associated with nutrition and inflammation status [albumin, prealbumin, transferrin, retinol-binding protein (rbp), C-reactive protein (crp), procalcitonin, and interleukin 6]; and postoperative outcomes (complications, time of intestinal exhaust, gastric drainage, abdominal drainage, albumin use, and postoperative hospital stay). Postoperative complications were graded using the Clavien-Dindo system 18 . Overall complications were defined as those of Clavien-Dindo grade 2 or higher. Inf lammatory complications such as infection at the surgical site, pneumonia, infection of the gastrointestinal system, and bloodstream infection were defined using the National Healthcare Safety Network criteria established by the U.S. Centers for Disease Control and Prevention 19 . Cancer staging was based on the 7th edition of the TNM classification system published by the Union for International Cancer Control 20 .
Imaging Analysis
The OsiriX open-source software (version 8.5.2: Pixmeo sarl, Geneva, Switzerland) was used to analyze the ct imaging according to a previously described protocol 16, 21 . A single slice at L3, with both transverse processes visible, was extracted to determine the skeletal muscle and abdominal adipose tissue area. These tissue-specific thresholds, as previously described, were used: -29 HU to 150 HU for skeletal muscle; -190 HU to -30 HU for subcutaneous adipose tissue; and -150 HU to -50 HU for visceral adipose tissue. Each specific tissue area was normalized to the square of the patient's height (m 2 ), resulting in a skeletal muscle index (smi), a subcutaneous adipose tissue index, and a visceral adipose tissue index. We calculated the ma by averaging the Hounsfield units of the L3 skeletal muscle to assess skeletal muscle composition and the visceral-tosubcutaneous ratio of adipose tissue area (vsr) to explore abdominal adipose tissue distributions. Sarcopenia was accepted when the smi was 34.9 cm 2 /m 2 or less for women and 40.8 cm 2 /m 2 or less for men (cut-off values determined in a very large cohort of Chinese patients 22 ) . Myosteatosis was accepted when the ma was 44.4 HU or less in men and 39.3 HU or less in women, and visceral obesity was accepted when the vsr was 1.33 or greater in men and 0.93 or greater in women (based on a prior report from Japan 16 ).
Statistics
Quantitative variables are expressed as means and standard deviations (normally distributed data) or medians with interquartile ranges (non-normally distributed data). Categorical variables are expressed as numbers and percentages. Groups were compared using the Student t-test for normally distributed data, the Pearson chi-square test or Fisher exact test for categorical variables, and the MannWhitney U-test for non-normally distributed continuous data and ranked data. Univariate and multivariate analyses of postoperative complications were performed using logistic regression, and the results are presented as odds ratios (ors) with 95% confidence intervals (cis). Variables significant in the univariate model were entered into the multivariate models. Repeated-measures linear regression models were used to account for the dependency of the observations over time and to analyze the effect of body composition over time on changes in markers of nutrition and inflammation. Values of p < 0.05 were considered statistically significant. All data were analyzed using the IBM SPSS Statistics software application (version 23.0: IBM, Armonk, NY, U.S.A.).
RESULTS
Patient Characteristics
Of the 187 patients who met the inclusion criteria, 31 (16.6%) were excluded (7 31 .7% of the patients were found to be at nutritional risk (nrs 2002 score ≥3), only 6.4% (10 patients) had a bmi less than 18.5. The mean preoperative values for serum markers of nutrition, inflammatory cytokines, and other laboratory parameters were within normal range.
Using the OsiriX software, body composition variables were calculated based on ct imaging (supplementary Figure 1) . The mean smi, ma, subcutaneous adipose tissue index, visceral adipose tissue index, and vsr were, respectively, 50.7 ± 7.9 cm 2 /m 2 , 36.4 ± 5.8 HU, 32.6 ± 17.0 cm 2 /m 2 , 43.9 ± 28.9 cm 2 /m 2 , and 1.3 ± 0.6 in men, and 40.6 ± 6.6 cm 2 / m 2 , 30.8 ± 6.4 HU, 55.5 ± 28.0 cm 2 /m 2 , 37.4 ± 23.5 cm 2 /m 2 , and 0.7 ± 0.6 in women.
We subsequently investigated the associations between body composition and clinicopathologic characteristics in the patients (Table ii) . Patients were divided into groups with and without sarcopenia, myosteatosis, and visceral obesity based on the criteria previously discussed. According to those criteria, 24 patients (15.4%) had sarcopenia, 131 patients (84.0%) had myosteatosis, and 64 patients (41.0%) had visceral obesity. Visceral obesity was more frequently seen in men (p < 0.001). Patients Markers of nutrition in serum (mean)
Transferrin (g/L) 3.1±0. with sarcopenia (p = 0.004), myosteatosis (p < 0.001), and visceral obesity (p = 0.003) were significantly older than patients without those conditions. Patients with sarcopenia had a significantly lower bmi (p = 0.002) and nrs 2002 score (p < 0.001). Serum markers of nutrition, including insulin-like growth factor 1 (p = 0.022), albumin (p = 0.003), prealbumin (p < 0.001), and hemoglobin (p = 0.013) were also significantly lower in the sarcopenia group. However, patients with visceral obesity had a significantly higher bmi (p < 0.001), serum crp (p = 0.049), and serum creatinine (p = 0.005), and lower serum rbp (p = 0.048). Serum crp and interleukin 6 were higher in patients with myosteatosis, but not significantly so (p = 0.058 and p = 0.062 respectively). Of sarcopenia, myosteatosis, and visceral obesity, none was significantly associated with tumour histologic type, TNM stage, or preoperative comorbidities.
Short-Term Surgical Outcomes
In terms of short-term surgical outcomes, 51 patients (32.7%) experienced postoperative complications, and 19 (12.2%) experienced inflammatory complications. The inflammatory complications included anastomotic leakage (n = 7), wound infection (n = 1), intra-abdominal infection (n = 3), pneumonia (n = 6), and bloodstream infection (n = 2). The median postoperative hospital stay was 8 days (Table iii) .
The associations between body composition parameters and clinical outcomes were also investigated ( Table iii) . The results showed that the overall complication rate was significantly higher in the sarcopenia group (62.5% vs. 27.3%, p = 0.001) and in the myosteatosis group (38.2% vs. 4%, p = 0.002). Patients with visceral obesity had a higher In men 1.3±0.6
In women 0.7±0.6 BMI = body mass index; NRS = Nutritional Risk Screening; IGF-1 = insulin-like growth factor 1; SATI = subcutaneous adipose tissue index; VATI = visceral adipose tissue index; VSR = visceral-to-subcutaneous ratio of adipose area.
FIGURE 1
Relationship between body composition and perioperative changes in markers of nutrition and inflammation. Serum retinol-binding protein (RBP) and C-reactive protein (CRP) were measured preoperatively (preop) and on postoperative days 1, 3, and 5 (post1d, post3d, post5d). The differences in serum RBP and CRP over time were compared for the patients with and without sarcopenia, myosteatosis, and visceral obesity. *p < 0.05. incidence of inflammatory complications (20.3% vs. 6.5%, p = 0.01). Increased albumin infusions were needed postoperatively in both the sarcopenia and myosteatosis groups. The myosteatosis group had more abdominal drainage and a longer postoperative hospital stay. Other short-term postoperative outcomes were not significantly different in the body composition groups.
Factors Associated with Postoperative Complications
In univariate analysis (Table iv) 
Relationship Between Body Composition and Perioperative Changes in Markers of Nutrition and Inflammation
Serum rbp and crp were measured preoperatively and on days 1, 3, and 5 postoperatively to estimate perioperative change in markers of nutrition and inflammation. In patients without sarcopenia, serum rbp declined sharply on postoperative day 1 and was lowest on day 3, after which it began to slowly recover. In patients with sarcopenia, serum rbp reached a lower level and recovered later (p = 0.007). In patients with and without myosteatosis and visceral obesity, no differences in the change of serum rbp were observed. Postoperatively, serum crp rose significantly on day 1, as expected, peaking on day 3; it declined thereafter. In the group with visceral obesity, serum crp rose higher on day 3 and declined less than it did in the group without visceral obesity (p = 0.026). A difference in the pattern of crp change was not observed in other two groups (Figure 1) .
DISCUSSION
In the present study, we prospectively analyzed the associations of three main bcms with postoperative outcomes in patients with operable gastric cancer. The results showed that sarcopenia, myosteatosis, and visceral obesity were poor prognostic factors for short-term outcomes. In particular, our study is, to the best of our knowledge, the first to find a significant association between visceral obesity and inflammatory complications after radical gastrostomy for gastric cancer. We also showed that body composition might affect markers of nutrition and inflammation, which means that it might inf luence the body's response to operative stress.
Increasing modern evidence shows that body composition, rather than bmi, is the stronger prognostic indicator of patient outcomes. Several prior studies have found that loss of muscle (sarcopenia), defined as a low smi, is independently associated with poor clinical outcomes in cancer patients, including excess chemotherapy toxicity 23, 24 , increased risk of surgical complications 25, 26 , and even poor long-term survival 27, 28 . Several studies have investigated the effect of sarcopenia on outcomes in gastric cancer patients 21, 29, 30 . However, the results of those studies were inconsistent, possibly because of the different cut-off values used to define sarcopenia and the heterogeneity of the patient cohorts and study designs. Our prospective study focused specifically on patients with operable disease, and all surgeries were performed by a single group of surgeons. To define sarcopenia, we adopted smi cut-off values of 40.8 cm 2 /m 2 or less for men and 34.9 cm 2 /m 2 or less for women (obtained from a very large study about gastric cancer in patients from China 22 ). In our study, 24 patients (15.4%) were diagnosed with sarcopenia. It is well known that poor nutrition status is associated with an increased postoperative complication rate. Our results confirmed that sarcopenia serves as a reflection of poor nutrition status and is strongly associated with a lower bmi, a higher nrs 2002 score, and lower levels of other serum markers of nutrition, including insulin-like growth factor 1, albumin, prealbumin, and hemoglobin. Sarcopenia was also an independent risk factor for overall postoperative complications.
Based on work by the European Working Group on Sarcopenia in Older People 31 and the Asian Working Group for Sarcopenia 32 , sarcopenia has been defined as low muscle mass plus low muscle strength or low physical performance (or both). Not only decreased muscle size, but also an increased proportion of intramuscular fat can contribute to reduction in muscle strength. Most earlier studies tended to focus exclusively on skeletal muscle size, but in the present study, we introduced ma. Determined by ct imaging, ma is a noninvasive measure of muscle density in which lower values reflect increased muscle lipid content. In prior studies, ma has been found to account for differences in muscle strength independent of muscle mass, making it an indicator of muscle strength 15 . A significant association between low ma and reduced overall or progression-free survival has been reported in patients with gastrointestinal or respiratory tract cancer 14 , renal cell carcinoma 33 , melanoma 14 , and epithelial ovarian cancer 34 . However, any associations of ma with the rate of postoperative complications in patients with gastric cancer had not been fully investigated. Given the lack of a large study of ma in gastric cancer patients, the low ma cut-off value adopted in our study was based on a large cohort of Japanese patients with hepatocellular carcinoma 16 . We found that both low smi (sarcopenia) and low ma (myosteatosis) were independent predictors for more complications of Clavien-Dindo grade 2 or higher. Furthermore, we observed that patients with myosteatosis did not present with an obviously worse nutrition status as measured by bmi, nrs 2002 score, or the usual serum markers of nutrition. However, based on their elevated serum crp (p = 0.058) and interleukin 6 (p = 0.062), they seemed to present in a state of systemic inflammation that was associated with a greater occurrence of postoperative Inflammatory complications. OR = odds ratio; CI = confidence interval; BMI = body mass index; NRS = Nutritional Risk Screening; CTx = chemotherapy; IGF-1 = insulin-like growth factor 1.
inflammatory complications (p = 0.089). However, that association did not reach statistical significance, possibly because of the limited sample size or lack of an optimal cut-off value for ma.
In addition to sarcopenia and myosteatosis, our study focused on visceral obesity as another important body composition factor. Visceral adipose tissue is an important metabolic tissue that secretes factors that systemically alter the immunologic, metabolic, and endocrine milieu 35 . Excess visceral adipose tissue gives rise to a state of chronic systemic inflammation with associated insulin resistance and dysmetabolism 35 . Earlier studies have demonstrated associations between visceral obesity and an increased risk of breast cancer 36 , colorectal cancer 37 , and esophageal adenocarcinoma 38 . A higher vsr was found to be associated with increased tumour progression and reduced survival in cancer patients 11, 16 . Our study uncovered a significant relationship between visceral adipose tissue and inflammatory complications and a greater postoperative level of serum crp. Those observations indicate that visceral adipose tissue might exacerbate the postoperative acute-phase inflammatory response, affect the immune response, and ultimately result in poorer outcomes.
Cancer cachexia results not only from reduced nutrient intake or availability, but also from metabolic abnormalities triggered by the cancer and the patient's antineoplastic therapies. Those factors stimulate systematic inflammation and cytokine networks 39 that in turn result in significant loss of body weight, alterations in body composition, and declining physical function. Our findings showed that patients with sarcopenia had a lower postoperative level of serum rbp and that rbp recovery was slower in them than in patients without sarcopenia. Compared with patients not having visceral obesity, those with visceral obesity were observed to have a higher postoperative maximal level of serum crp and a prolonged systemic inflammatory response. Similar findings were reported in another study 40 . Those findings suggested that bcms could reflect variation in physiologic reserves, metabolic profile, and inflammatory and immune responses, and might consequently have a close association with clinical outcomes.
Limitations of our study include the small number of patients, the single-centre setting, and the lack of long-term survival data. Using long-term follow-up, we will continue to investigate this issue, combining various individual bcms so as to obtain more accurate variables potentially reflecting body metabolism and clinical prognosis.
CONCLUSIONS
In the present study, we observed that sarcopenia, myosteatosis, and visceral obesity were not only significantly associated with increased postoperative complication rates, but that they were also associated with the pattern of change in perioperative serum markers of nutrition and inflammation in patients with primary operable gastric cancer.
